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~The Cations KrF+, XeF3+, Xe0F3+“and,Xe0F5+ and Oxidizing Properties of
krf? ,‘ _ B} -
By D. E. McKee, c. J. Adams A Zalk1n, and Ne1l Bartlett

‘Inorgan1c Mater1als Research Dlv1sion Lawrence Berkeley Laboratory and
. Department of Chemistry; University of Cal1forn1a Berkeley, California
94720 U S.A. A

;At o o . I N .
mmary - The XeOF5 jon (prepared by explo1t1ng KrF ' as an oxidizer)
is related to but d1st1ngu1shable from XeOF3 3 the latter is in turn

3 s
, crystallography

related to XeF the geometry of wh1ch has been establ1shed by X-ray

In earl1er commun1cat1on; we showed that the adduct2 Ker ZSbF5
was the salt ket SbZF]] . The stretching frequency v(Kr-F ) = 626 cm -1

is in excellent agreement w1th Schaefer 3 theoret1cal pred1ct10n3 of

620 cm ] | |
In accord w1th the ant1c1pated4 h1gh value of the electron affinity

of KrF the cat1on has proved to be an extraord1nary oxidizer. we

. have prev1ously shown] that it ox1dlzes IF5 to IF6 and have now

Acarried out the ox1dat1on of XeOF4 to. XeOF5 (XeOF4 + Kkeft > XeOF5 + Kr).

Since the syntheses wh1ch 1nvolve addition of XeOF4 to KrF SbZFll

| (~ -lO) have been executed in quartz apparatus, there has always been

| some contam1nat1on from 02 salts but the best preparat1ons ‘have

_ylelded no XeOF3 salts. Raman data for XeOF5 (compared with data for

IOF5 and 1ts Xe relat1ves in F1gure l) show a pattern of llnes con-

's1stent w1th an IOF5 -like spec1es but the Xe-F ahd Xe-O stretch1ng

-frequenc1es are lower than for IOF5 ' As may be seen from F1gure l

this is ak1n to the situat1on 1n XeF5 salts where Ve (Xe-F) tends

.to be somewhat lower than Vg (I F) in IF5



As part of our{vstudys’s’7 of the fluoride'ien donor abilities of
the xenbn,fluorides and oxyflporides; ve have aiso-investigated the
systems XeOF4/SbF5 and XeF4/SbF’-. moreover, unambiguouS idehtification
of the XeOF5 ion demanded a full character1zat10n of the former system.
A comb1nat1on of X~ray crysta]lograph1c and Raman spectroscop1c data
has estab11shed that XeF3 is the only cation present in the XeF4/SbF5
system; Raman spectroscop1c ev1dence indicates that the XeOF3 cation
is the only one present in the.XeOF4/SbF5 system. Since the onset of
19,

our studies'Gillespie and his coworkers have given vibrational and '~F

nmr spectroscop1c evidence for both XeF3 (Ref, 8) and XeOF (Ref. 9).

| 0ur-stud1es have shown that in the XeF4/SbF5 system there are two
compounds , Xe!_-”3+SbF‘6 and XeF sz ]]'i efforts to make X92F7+SbF6'
have fai]ed.' Both salts are pale ye]]ow-green'solids. 'XeF3+SbF6’
b'(m.p. 109-113°) is dimorphic, with a transition temperature of -90°;
: thevlow,temperature form is monoclinic with g_=-5;50, b = 15,50, ¢ =
8.95 (all + 0.01 A), g = 102.9 + 0.3°, V = 743.3 &%, z = 4, D_ = 3.81
g cm'3. XeF SbZF]i- (m.p. 81 83°) is tr1cl1n1c with a = 8. 25%(5);

9.984(20), c = 8.004(5), a = 72. 54(5) B = 112 59(7) y = 117.05(21)°,
-3

jor
]

The structure of the latter has

v 5_34.9_?\3, z=2,D =3.98gcn
been successfully refined in space group PT using three-dimensional
graphite-monochromatized MoK X-ray data. With anisotropic temperature
factors for all atoms a f1na1 conventional R factor of 0.035 for 1823
4ndependent ref1ect1ons for which I 3_39(1) has been obtained. The
crystal structure is built up from the structural units, XeF3+Sb2F11',
shown in Figure 2; The'I_shaped cation is planar and lies in the same

plane as a fourth fluorine atom, which makes a close contact of 2.50 A



,.{)

bond and the former as three-center four-electron bonds

_the compound XeOF4 2$bF

The Xe0F4, in the SbF
'1n the 1: l XeF2 XeOF4 molecular adduct

. - B
= v & - - -
P, 5 o : ) . . e
R ‘*"5 s ad @ W W g wd ij

" to the xenon atom ‘This interaction of the“catiOn‘andwthe”anion is

cons1stent w1th a d1storted tr1gonal b1pyram1dal conf1gurat1on of two

axial F- l1gands one . equator1al F Tigand- -and two ster1cally active,

'equator1al, non-bond1ng valence-electron pa1rs about the Xe atom. Such

a cation should have a maximum polarlz1ng effect normal to the tri-
angular faces containing the two non—bond1ng,pa1rs. As 1n the electroni-
cally related molecules ClF3 (Ref. 10) and BrF3 (Ref. ll) the axial .

bonds in XeF3 (l 88 and 1. 89 A) are longer than the equator1al (1. 83 A)

| Th1s is cons1stent w1th des1gnatvon of the latter as. an electron-pair

4, 12

In the Xe0F4/SbF5 system, Selig had prev1ously estabhshed]3

Fes but structural 1nformat1on was lack1ng until
the recent report by G1llesp1e and hlS coworkersg;l In our stud1es two
compounds have been 1solated (1: l m. p. lO4 105° and l 2, m. p 61-66°).

complexes, is certa1nly no longer molecular, as
AR Y.

5
. and the marked increase in

the Xe-F stretch1ng frequency clearly ev1nces cat1on format1on Further-

more, compar1sons of the Raman spectra of the SbF5 complexes glven in

F1gure l, 1nd1cate the salt formulat1ons XeOF3 SbF6 and XeOF3 SbZFll .

, The 51m1lar1t1es of the XeOF3 and XeF3 spectra suggest a close

, structural relat1onsh1p It 1s therefore probable that the XeOF3

geometry w1ll “be very l1ke that of XeF3 to whlch an oxygen atom has
been added at a Xe electron-palr s1te (equator1al)

The s1m1lar1ty of the Xe-O stretch1ng frequenc1es suggests that ‘
the Xe-0 bonds in XeOF3 and XeOF4 must be nearly the same. Also, that

the axial stretching frequencies of‘Xe0F3+ lie somewhat higher than



those of XeF3 indicates that the Xe-F axial bonds will be s]1ght1y

shorter in the former than 1n the latter.

This work was supported by the U.S. Atomic -Energy Comm1ssvon and .

CJA is gratefu]~to the Commonwealth fund for a Harkness Fellowship.
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Footnotes for Figure 1.

(a)
(b)

'('c_)
(d)

(e)

)

* . ' . ' K3 [
Raman line assigned to- anion.

Ref, 14;
C.‘J;_Adams and N. Bartlett, tb be published.-'The_fundamental

. + ces . ; . .
- frequencies of XeF5 are sensitive functions of the counterion and

phase, although solid XeF5+BF4f is a typical example. Common

values for the stretching frequencies are: v](a]) 650-680 ch’j;

vy(a;) 585-630 cn™'; v,(by) 600-640 cm™'; v (e) 640-670 cn™!.
Ref. 15. | N

This work:. Lines attributable to dibxygenyl_fluoroantimonates |
haVe been de]éted. o

This work. Assighments for Xe0F3+: 944tcm'1;'v(XeA0); 649,

Vasym (ax. XeF,); 638, v(eq. Xe-F); 601 v . (ax. XeF,); 358,

333, &(FXeF), §/0XeF). Our assignments differ from those of

Gillespie et al. (Ref. 9) only in placing v.___ (ax. XeF,) higher
= , rasym 2

~ than v, (ax. XeF,), as has been found for structurally related

Symm
molecules, e.qg. TeF4 (Ref. 16).

This work. Assignments for XeF3+: 640 cm'],,v(eq.'Xe-F); 618 -

Vasym (3X. XeFy)3 582 ve o (ax. XeF,)s 363 8(FXeF).
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NOTE TO PRINTER: Figure 2 comprises the drawing (page 9) and the
table (page 10). '
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| Figure 2: The XeF3+Sb2F”' structure unit.



Distances (A)

Xe-Fe(2) 2.
.83(1)
'.88(1)

Xe-F(9) 1
Xe-F(lb) 1

Xe-F(11) 1

Sb(1)-F(1)
- Sb(1)-F(2)
sb(1)-F(3)
Sb(1)-F(5)
Sb(1)-F(8)

sb(1)-F(12)

50(1)

.89(1)

2,01(1)
1.90(1)
1.85(1)
1.84(1)
1.85(1)

1.83(1)

-10-

Angles (Deg.)

F(9)-Xe-F(10)-
F(9)-Xe-F(11)

F(10)-Xe-F(11)

'.F(lo)-Xe-F(a)

Xe-F(2)-Sb(1)

sb(1)-F(1)-sb(2)

VF_'i_gure 2: The XeF;szFn' Structure unit.

81.73(30)
80.22(30)

‘, 161.90(L0)
f72.67(27) .
154.39(38)

171.6h(13)
155.37(15)
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